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(57) ABSTRACT

A gated diode structure and a method for fabricating the gated
diode structure use a relaxed liner that 1s derived from a
stressed liner that 1s typically used within the context of a field
elfect transistor formed simultaneously with the gated diode
structure. The relaxed liner 1s formed incident to treatment,
such as 1on implantation treatment, of the stressed liner. The
relaxed liner provides improved gated diode 1deality 1n com-
parison with the stressed liner, absent any gated diode damage
that may occur incident to stripping the stressed liner from the
gated diode structure while using a reactive 1on etch method.
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GATED DIODE STRUCTURE AND METHOD
INCLUDING RELAXED LINER

This non-provisional application claims the benefit of the
provisional application filed with the United States Patent and
Trademark Office as Ser. No. 61/161,558 entitled “Gate
Diode Structure and Method Including Relaxed Liner”, filed
Mar. 19, 2009.

BACKGROUND

1. Field of the Invention

The 1nvention relates generally to gated diode structures
within semiconductor structures. More particularly, the
invention relates to gated diode structures including relaxed
liners within semiconductor structures.

2. Description of the Related Art

In addition to resistors, capacitors and transistors, semi-
conductor structures and semiconductor circuits often also
include diodes. Diodes within semiconductor structures and
semiconductor circuits are desirable and functional within the
context of any of several signal processing applications, as
well as temperature sensing and stress sensing applications,
and further as well as electrostatic protection applications.

A particular type of diode structure that 1s desirable and
common within semiconductor fabrication technology is a
gated diode structure. A gated diode structure 1s otherwise
generally analogous 1n structure and dimensions with a field
effect transistor structure, but differs insofar as the source and
drain regions within a gated diode structure have different
polarities (1.e., conductivity type). Gated diode structures are
thus clearly desirable insofar as they are readily manufactur-
able within the context of semiconductor manufacturing tech-

nologies that are used for fabricating field effect transistor
structures.

While gated diode structures are thus desirable within the
semiconductor fabrication art, gated diode structures are
nonetheless not entirely without problems within the context
of semiconductor fabrication. In particular, gated diode struc-
tures, while possessing advantages derived from their simul-
taneous fabrication with field efiect transistor structures
nonetheless also sufler from any of several disadvantages that
may also be realized incident to being fabricated simulta-
neously with field etfect transistor structures.

Various diode structures, including gated diode structures,
and methods for fabrication thereof, are known 1n the semi-
conductor fabrication art.

For example, Adams et al., in U.S. Pat. No. 6,441,396,
teaches a semiconductor structure including a diode struc-
ture, and a method for fabricating the semiconductor structure
that includes the diode structure. Within both the semicon-
ductor structure and the method, the diode structure 1s used as
a stress monitoring structure for other semiconductor struc-
tures near to the diode structure.

In addition, Maciejewski et al., in U.S. Pat. No. 7,227,204,
teaches a diode structure having enhanced ideality, and a
method for fabricating the diode structure having the
enhanced 1deality. The diode structure realizes the foregoing
result by including an anode that includes separate regions
that include an alloyed semiconductor material and an unal-
loyed semiconductor materal.

Diode structures, such as 1n particular gated diode struc-
tures, are certain to continue to be useful within semiconduc-
tor structure and semiconductor device fabrication art as
semiconductor structure fabrication requirements and semi-
conductor device fabrication requirements become more
stringent. To that end, desirable are diode structures, and
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2

methods for fabricating those diode structures, that provide
the diode structures with improved properties and enhanced
performance.

SUMMARY

The mvention provides a gated diode structure for use
within a semiconductor structure, as well as a method for
fabricating the gated diode structure for use within the semi-
conductor structure. Within the invention, both the gated
diode structure and the method for fabricating the gated diode
structure include a relaxed liner located upon a gate and diode
clectrode regions within the gated diode structure. Within the
inventive method, the relaxed liner derives from a stressed
liner that 1s otherwise used within a field effect transistor
tabricated simultaneously with the gated diode structure, but
wherein the portion of the stressed liner that covers the gated
diode structure 1s treated (1.e., most preferably using an 1on
implantation treatment) to relax (1.¢., release or reduce), and
preferably eliminate, the stress within the portion of the
stressed liner layer that 1s included within the gated diode
structure. The fabrication of such a relaxed liner from a
stressed liner within a gated diode structure 1s desirable inso-
far as the relaxed liner improves 1deality performance of a
gated diode structure in comparison, 1 particular, with a
tensile stressed liner. Similarly, by leaving the stressed liner in
place within a gated diode structure and fabricating the
relaxed liner therefrom in-situ 1.e., rather than stripping the
stressed liner while using an etch method, an improved 1de-
ality performance of a gated diode may be eflected absent
gated diode performance degradation that may otherwise be
realized under circumstances where a stressed liner 1s com-
pletely stripped from a gated diode structure while using, in
particular, a reactive 10n etch method.

Within the invention, a “stressed liner” 1s intended as hav-
ing a stress i excess of about 0.3 GPa tensile or in excess of
about —0.3 GPa compressive. A “relaxed liner” 1s intended as
having a stress no greater than about +/-0.3 GPa tensile or
compressive.

A particular gated diode structure 1in accordance with the
invention includes a semiconductor substrate including a
(comparatively) lightly doped region of a first polarity sepa-
rating a (comparatively) heavily doped region of the first
polarity from a (comparatively) heavily doped region of a
second polarity different than the first polarity. This particular
gated diode structure also includes a gate aligned above the
(comparatively) lightly doped region of the first polarity. This
particular gated diode structure also includes a relaxed liner
located conformally covering the gate and the semiconductor
substrate.

Another particular gated diode structure in accordance
with the invention includes a semiconductor substrate includ-
ing a (comparatively) lightly doped region of a first polarity
separating a (comparatively) heavily doped region of the first
polarity from a (comparatively) heavily doped region of a
second polarity different than the first polarity. This other
particular gated diode structure also includes a gate aligned
above the (comparatively) lightly doped region of the first
polarity. This other particular gated diode structure also
includes a relaxed liner located conformally covering the gate
and the semiconductor substrate. The relaxed liner includes a
silicon nitride material that includes an 1mpunity selected
from the group consisting of germanium impurities and
Xenon impurities.

A particular method for fabricating a gated diode structure
in accordance with the mmvention includes forming over a
semiconductor substrate a gate. This particular method also




US 8,232,603 B2

3

includes forming within the semiconductor substrate a (com-
paratively) lightly doped region of a first polarity aligned
beneath the gate and laterally separating a (comparatively)
heavily doped region of the first polarity from a (compara-
tively) heavily doped region of a second polarity different
than the first polarity. This particular method also includes
forming a stressed liner contormally covering the gate and the
semiconductor substrate. This particular method also
includes treating the stressed liner to form a relaxed liner.
Within the foregoing gated diode structures and method,
and 1n accordance with disclosure below, a (comparatively)
lightly doped region has a dopant concentration from 1el2 to
about 1el’7 dopant atoms per cubic centimeter, while a (com-
paratively) heavily doped region has a dopant concentration
from 1el’/ to about 1e21 dopant atoms per cubic centimeter.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the invention are
understood within the context of the Description of the Pre-
terred Embodiment, as set forth below. The Description of the
Preferred Embodiment 1s understood within the context of the
accompanying drawings, which form a material part of this
disclosure, wherein:

FIG. 1 to FIG. 13B show a series of schematic cross-
sectional and plan-view diagrams illustrating the results of
progressive fabrication process steps in forming a gated diode
structure 1n accordance with an embodiment of the invention.

FIG. 1 shows a semiconductor-on-insulator substrate base
substrate fabrication with respect to the gated diode structure.

FIG. 2 shows 1solation region fabrication with respect to
FIG. 1.

FIG. 3 shows 10on implantation processing with respect to
FIG. 2.

FI1G. 4 shows gate masking with respect to FIG. 3.

FIG. § shows gate etching with respect to FIG. 4.

FIG. 6 shows partial gate masking and diode electrode
formation with respect to FIG. 3.

FIG. 7 shows further partial gate masking and additional
diode electrode formation with respect to FIG. 6.

FIG. 8 shows spacer formation with respect to FIG. 7.

FI1G. 9 shows silicide formation with respect to FIG. 8.

FIG. 10 shows liner formation with respect to FI1G. 9.

FI1G. 11 shows liner masking and implantation with respect
to FIG. 10.

FI1G. 12A/B shows resist stripping with respect to FIG. 11.

FIG. 13A/B shows passivation/contact formation with
respect to FI1G. 12A/B.

L1
=y

ERRED

DESCRIPTION OF THE PR
EMBODIMENT

The mvention, which includes a gated diode structure and
a method for fabricating the diode structure, 1s understood
within the context of the description set forth below. The
description set forth below 1s understood within the context of
the drawings described above. Since the drawings are
intended for illustrative purposes, the drawings are not nec-
essarily drawn to scale.

FIG. 1 to FIG. 13B show a series of schematic cross-
sectional and plan-view diagrams of progressive stages in
fabricating a gated diode structure 1n accordance with a par-
ticular embodiment of the mvention. FIG. 1 shows a sche-
matic cross-sectional diagram of the gated diode structure at
an early stage in the fabrication thereof 1n accordance with
this particular embodiment of the invention, that comprises a
sole embodiment of the invention.
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FIG. 1 shows a base semiconductor substrate 10. A buried
dielectric layer 12 1s located upon the base semiconductor
substrate 10. A surface semiconductor layer 14 1s located
upon the buried dielectric layer 12. In an aggregate, the base
semiconductor substrate 10, the buried dielectric layer 12 and
the surface semiconductor layer 14 comprise a semiconduc-
tor-on-insulator substrate.

The base semiconductor substrate 10 may comprise any of
several semiconductor materials. Non-limiting examples
include silicon, germanium, silicon-germanium alloy, silicon
carbide, silicon-germanium carbide alloy and compound
(1.e., III-V and II-VI) semiconductor materials. Non-limiting
examples of compound semiconductor materials include gal-
lium arsenide, indium arsenide and indium phosphide semi-
conductor materials. Typically, the base semiconductor sub-
strate 10 has a generally conventional thickness.

The buried dielectric layer 12 may comprise any of several
dielectric maternials. Non-limiting examples include oxides,
nitrides and oxynitrides, particularly of silicon, but oxides,
nitrides and oxynitrides of other elements are not excluded.
The buried dielectric layer 12 may comprise a crystalline or a
non-crystalline dielectric material. The buried dielectric layer
12 may be formed using any of several methods. Non-limiting
examples include i1on implantation methods, thermal or
plasma oxidation or mitridation methods, chemical vapor
deposition methods and physical vapor deposition methods.
Typically, the buried dielectric layer 12 comprises an oxide of
the semiconductor material from which 1s comprised the
semiconductor substrate 10. Typically, the buried dielectric
layer 12 has a thickness from about 5 to about 1000 nanom-
eters.

The surface semiconductor layer 14 may comprise any of
the several semiconductor materials from which the semicon-
ductor substrate 10 may be comprised. The surface semicon-
ductor layer 14 and the semiconductor substrate 10 may com-
prise either i1dentical or different semiconductor materials
with respect to chemical composition, dopant polarity, dopant
concentration and crystallographic orientation. Typically, the
surface semiconductor layer 14 has a thickness from about 50
to about 300 nanometers.

The semiconductor-on-insulator substrate that 1s 1llus-
trated 1n FIG. 1 may be fabricated using any of several meth-

ods. Non-limiting examples include lamination methods,
layer transier methods and separation by implantation of
oxygen (SIMOX) methods.

Although this particular embodiment illustrates the mnven-
tion within the context of a semiconductor-on-insulator sub-
strate comprising the base semiconductor substrate 10, the
buried dielectric layer 12 and the surface semiconductor layer
14, neither the embodiment more specifically, nor the inven-
tion more particularly, 1s so limited. Rather, the present inven-
tion may alternatively be practiced using a bulk semiconduc-
tor substrate (that would otherwise result from absence of the
buried dielectric layer 12 under circumstances where the base
semiconductor substrate 10 and the surface semiconductor
layer 14 have 1dentical chemical composition and crystallo-
graphic orientation). The embodiment also contemplates use
of a hybrid orientation (HOT) substrate that includes multiple
crystallographic orientation semiconductor regions within a
single semiconductor substrate.

FIG. 2 first shows the results of patterning the surface
semiconductor layer 14 that is illustrated in FIG. 1 to provide
a surface semiconductor layer 14'. FIG. 2 also shows an
1solation region 16 located backfilling and adjoining the sur-
face semiconductor layer 14' and planarized to the level of the
surface semiconductor layer 14'.
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The surface semiconductor layer 14 may be patterned to
form the surface semiconductor layer 14' while using photo-
lithographic and etch methods that are otherwise generally
conventional in the semiconductor fabrication art. Such pho-
tolithographic and etch methods will generally include aniso-
tropic etch methods. Anisotropic etch methods are generally
desirable 1n comparison with 1sotropic etch methods insofar
as anisotropic etch methods provide generally straight side-
walls to the surface semiconductor layer 14'.

The 1solation region 16 may in general comprise materials,
and be formed using methods, analogous, equivalent or 1den-
tical to the materials and methods that are used for forming,
the buried dielectric layer 12. Typically and preferably, the
1solation region 16 1s formed using a blanket layer deposition
and planarizing method that uses the surface semiconductor
layer 14' as a planarizing stop layer. Particular planarizing
methods include mechanical planarizing methods and chemi-
cal mechanical polish planarizing methods. Chemical
mechanical polish planarizing methods are most common.

While such etch, {ill and planarization techniques are com-
mon to high-density silicon technologies, alternate lower cost
techniques may also be used such as the commonly called
ROX method, utilizing patterned overlayers and substrate
oxidation. The detailed fabrication and structure of this 1so0-
lation region 1s not critical to the mnvention, and such choice 1s
to be made typically 1n concert with the integration of the
contextual technology fabrication methods.

FIG. 3 shows the results of doping the surface semicon-
ductor layer 14' to provide a surface semiconductor layer 14"
while using a dose of dopant ions 15. The dose of dopant 1ons
15 typically comprises n dopant ions, such as arsenic or
phosphorus dopant 10ns, although an operative gated diode
structure 1n accordance with the embodiment may also result
from p dopant 10n implantation. Typically, the dose of dopant
ions 135 1s provided at an appropriate dose and energy to
provide a dopant concentration within the surface semicon-
ductor layer 14" from about lel2 to about 1el4 n dopant
atoms or p dopant atoms per cubic centimeter. Alternatively to
the forgoing 1on 1implantation of the surface semiconductor
layer 14' to provide the surface semiconductor layer 14", the
surface semiconductor layer 14 as initially formed may be
formed as a doped surface semiconductor layer.

FIG. 4 shows a gate dielectric 18 located and formed upon
the semiconductor structure of FIG. 3, including 1n particular
the surface semiconductor layer 14" and the 1solation region
16. Such formation that extends overtop both the surface
semiconductor layer 14" and 1solation region 16 would con-
s1st ol a layer deposition rather than a self-aligned thermal
oxidation formation. Alternatively, the extent of layer 18 may
be limited to overtop layer 14" and not extending overtop
layer 16, 11 the layer 1s a thermal oxidation. FIG. 4 also shows
a gate material layer 20 located and formed upon the gate
dielectric 18. FIG. 4 finally shows a first mask 22 (1.e., 1llus-
trated as plural layers 1n cross-section, but within the context
of further disclosure below, including plan-view diagrams,
intended as a single annular first mask 22) located and formed
upon the gate matenial layer 20 at a location above the surface
semiconductor layer 14",

The gate dielectric 18 may comprise conventional dielec-
tric materials such as oxides, nitrides and oxynitrides of sili-
con that have a dielectric constant from about 4 to about 20,
measured in vacuum. Alternatively, the gate dielectric 18 may
comprise generally higher dielectric constant dielectric mate-
rials having a dielectric constant from about 20 to at least
about 100. Such higher dielectric constant dielectric materi-
als may include, but are not limited to hainium oxides,
hatnium silicates, titanium oxides, barium-strontium-titan-
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tates (BSTs) and lead-zirconate-titanates (PZTs). The gate
dielectric 18 may be formed using any of several methods that
are appropriate for the material of composition of the gate
dielectric 18. Included, but not limiting, are thermal or plasma
oxidation or nitridation methods, chemical vapor deposition
methods and physical vapor deposition methods. Typically,
the gate dielectric 18 comprises a thermal silicon oxide
dielectric material or a high dielectric constant dielectric
material, either of which has a generally conventional thick-
ness.

The gate matenal layer 20 may comprise materials includ-

ing, but not limited to certain metals, metal alloys, metal
nitrides and metal silicides, as well as laminates thereof and
composites thereof. The gate material layer 20 may also com-
prise doped polysilicon and doped polysilicon-germanium
maternals (i1.e., having a dopant concentration from about
1el8 to about 122 dopant atoms per cubic centimeter) and
polycide materials (doped polysilicon/metal silicide stack
materials). Similarly, the foregoing materials may also be
formed using any of several methods. Non-limiting examples
include salicide methods, chemical vapor deposition methods
and physical vapor deposition methods, such as, but not lim-
ited to evaporative methods and sputtering methods. Typi-
cally, the gate material layer 20 comprises a doped polysili-
con material that has a thickness from about 20 to about 200
nanometers.
The first mask 22, as well as other masks within the instant
embodiment, may comprise any of several mask matenals
including but not limited to hard mask materials and resist
mask materials. Typically, the first mask 22 comprises a resist
mask material, such as a photoresist mask material. Such a
resist mask material may include, but 1s not necessarily lim-
ited to a negative resist material, a positive resist material and
a hybrid resist material that includes the properties of both a
positive resist material and a negative resist material. Typi-
cally, the first mask 22 comprises a positive resist material or
a negative resist material that has a thickness from about 100
to about 500 nanometers. In accordance with disclosure
above, the first mask 22 1s intended 1n plan-view as having an
annular shape.

FIG. S first shows the results of patterning the gate material
layer 20 to provide a gate 20' and the gate dielectric 18 to
provide a gate dielectric 18', while using the first mask 22 as
an etch mask. The foregoing patterning of the gate material
layer 20 to provide the gate 20' and the gate dielectric 18 to
provide the gate dielectric 18' (1.e., both of which are intended
as annular layers) while using the first mask 22 as an etch
mask may be eflected using etch methods and etch materials
that are otherwise generally conventional in the semiconduc-
tor fabrication art. Similarly with the etch methods that are
used for forming the surface semiconductor layer 14' that 1s
illustrated 1n FIG. 2 from the surface semiconductor layer 14
that 1s 1llustrated 1n FIG. 1, such etch methods will typically
include anisotropic reactive ion etch methods that provide
generally straight sidewalls to the gate 20' and the gate dielec-
tric 18'.

FIG. § also shows the results of stripping the first mask 22
from the gate 20'. The first mask 22 may be stripped from the
gate 20" while using methods and matenals that are otherwise
generally conventional in the semiconductor fabrication art.
Such methods and materials may include, but are not neces-
sarily limited to, wet chemical stripping methods and mate-
rials, dry plasma stripping methods and materials, and com-
binations of wet chemical stripping methods and materials
and dry plasma stripping methods and matenals.

FIG. 6 first shows the results of masking external portions
of the gate 20", and in particular adjacent portions of the
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surface semiconductor layer 14", with a second mask 23. The
second mask 23 may comprise materials analogous, equiva-
lent or 1dentical to the first mask 20 that 1s 1llustrated in FIG.
4. Typically, the second mask 23 also comprises a positive
resist material or a negative resist material. The second mask
23 1s understood as a block mask whose lateral dimensions
need not be critically dimensioned, providing that exterior
portions of the gate 20' and adjacent portions of the surface
semiconductor layer 14", are covered.

FIG. 6 also shows a first diode electrode 24 (i.e., an anode
when p+ and a cathode when n+) located and formed interior
to the gate 20" while using the gate 20" and the second mask 23
as an 1on 1implantation mask. While the first diode electrode
24 may be of either polarity with respect to the surface semi-
conductor layer 14", typically the first diode electrode 24 has
a polarity opposite the polarity of the other remaining por-
tions of the surface semiconductor layer 14", although this 1s
also not a requirement of the embodiment. Typically, the first
diode electrode 24 has a dopant concentration from about
1el9 to about 1e21 p dopant atoms per cubic centimeter.

FI1G. 7 first shows the results of stripping the second mask
23 from the gated diode structure of FIG. 6. The second mask
23 may be stripped from the gated diode structure of FIG. 6 to
provide m-part the gated diode structure of F1G. 7 while using,
stripping methods and materials that are otherwise generally
conventional 1n the semiconductor fabrication art. Again, and
in general, such stripping methods and materials may include,
but are not necessarily limited to, wet chemical stripping
methods and matenals, dry plasma striping methods and
materials and combinations of wet chemical stripping meth-
ods and matenals and dry plasma stripping methods and
materials.

FIG. 7 next shows a third mask 26 located and formed
covering the interior portion of the surface semiconductor
layer 14" that includes the first diode electrode 24 that is
surrounded by the gate 20'. The third mask 26 may comprise
mask materials, and have dimensions, generally analogous,
equivalent or 1identical to the mask materials and dimensions
that are used for the second mask 23 that 1s illustrated 1n FIG.
6 and the first mask 22 that is 1llustrated 1n FIG. 4.

FIG. 7 also shows a second diode electrode 28 (1.e., the
other of the anode (if p+) or cathode (if n+)) located and
formed 1nto the surface semiconductor layer 14" at portions
thereot not covered by the gate 20" or the third mask 26. The
second diode electrode 28 has a polarity different than the first
diode electrode 24, while the second diode electrode 28 has a
dopant concentration from about 1¢19 to about 1e21 dopant
atoms per cubic centimeter. Thus, a portion of the surface
semiconductor layer 14" located aligned beneath the gate 20
has a particular polarity (1.e., preferably n—) and separates the
first diode electrode 24 (1.¢., preferably a p+ anode) and the
second diode electrode 28 (1.e., preferably a n+ cathode) that
are of different polarity and higher dopant concentration than
the portion of the surface semiconductor layer 14" aligned
beneath gate 20"

FIG. 8 first shows the results of stripping the third mask 26
from the semiconductor structure of FIG. 7. The third mask
26 may be stripped from the semiconductor structure of FIG.
7 to provide in-part the semiconductor structure of FIG. 8
while using stripping methods and materials that are other-
wise generally conventional 1n the semiconductor fabrication
art, and analogous, equivalent or identical to the stripping
methods and materials that are used for stripping the second
mask 23 that is 1llustrated in FIG. 6 or the first mask 22 that 1s
illustrated in FIG. 4.

FIG. 8 also shows spacers 30 located adjacent and adjoin-
ing opposite sidewalls of the gate stack that comprises the
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gate 20' and the gate dielectric 18'. The spacers 30 may
comprise materials, and be formed using methods, that are
otherwise generally conventional in the semiconductor fab-
rication art. Typically, the spacers 30 comprise a dielectric
material, such as but not limited to a silicon oxide dielectric
material, a silicon nitride dielectric material or a silicon
oxynitride dielectric material. Typically, the spacers 30 are
formed using a blanket layer deposition and anisotropic etch-
back method.

Such spacers, while typically employed to optimize source
and drain junction profiles in MOSFET devices by applying
additional impants at this point, may also be used to optimize
the dopant profiles of the gated diode of this particular
embodiment. Such additional dopants may be applied in con-
junction with masking regions similar to layers 23 and 26, but
now with spacers 30 1n place. The detail of such optimization
1s not shown here and leit to those knowledgeable 1n state of
the art to exercise.

FIG. 9 shows silicide layers 32 located and formed upon
exposed portions of the gate 20", the first diode electrode 24
and the second diode electrode 28. The silicide layers 32 may
comprise any of several silicide forming metals. Non-limiting
examples of candidate silicide forming metals include nickel,
cobalt, titanium, tungsten, erbium, ytterbium, platinum and
vanadium silicide forming metals. Nickel and cobalt silicide
forming metals are particularly common. Others of the above
enumerated silicide forming metals are less common. Typi-
cally, the silicide layers 32 are formed using a salicide
method. The salicide method includes: (1) forming a blanket
silicide forming metal layer upon the semiconductor structure
of F1G. 8; (2) thermally annealing the blanket silicide forming
metal layer with silicon surfaces which it contacts to selec-
tively form the silicide layers 32 while leaving unreacted
metal silicide forming metal layers on, for example, the spac-
ers 30 and the 1solation regions 16; and (3) selectively strip-
ping unreacted portions of the silicide forming metal layers
from, for example, the spacers 30 and the 1solation regions 16.
Typically, the silicide layers 32 comprise a nickel silicide
material or a cobalt silicide material that has a thickness from
about 10 to about 80 nanometers.

FIG. 10 shows a stressed liner layer 34 located and formed
upon the semiconductor structure of FI1G. 9. The stressed liner
layer 34 1s typically used as a liner in conjunction with a field
eifect transistor fabricated simultaneously with the gated
diode structure whose schematic cross-sectional diagram 1s
illustrated 1n FIG. 10. The stressed liner layer 34 may com-
prise any ol several stressed liner maternals. Such stressed
liner materials may include, but are not necessarily limited to,
silicon oxide materials, silicon nitride materials, silicon
oxynitride materials and silicon carbide materials. Such
stressed liner materials may be compressive stressed liner
materials (1.e., having a stress 1n excess of —0.3 GPa and
usetul within the context of pFETSs) or tensile stressed liner
materials (1.e., having a stress 1n excess o1 0.3 GPa and usetul
within the context of nFETs). While the instant embodiment
1s particularly intended as including an n field effect transistor
that includes a tensile stressed liner 34 located and formed
upon the gated diode structure within the semiconductor
structure of FIG. 10, neither the 1instant embodiment nor the
invention 1s necessarily so limited. Rather, the embodiment
contemplates use of either a compressive or tensile stressed

liner 34.

FIG. 11 first shows a fourth mask 36 located and formed
covering a portion of the stressed liner layer 34 that 1s periph-
eral to the gated diode structure that i1s located and formed
within the surface semiconductor layer 14". The fourth mask
36 may comprise materials, have generally analogous dimen-
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s10ms, and be formed using methods, analogous, equivalent or
identical to the third mask 26, the second mask 23 or the first
mask 22.

FIG. 11 also shows the results implanting the stressed liner
34 that 1s illustrated i FI1G. 10 to provide a relaxed liner 34'
while using a dose of stress relaxing 10ons 37. Within FIG. 11,
a relaxed portion of the relaxed liner 34' covers the gated
diode structure that includes the surface semiconductor layer
14", and an unrelaxed portion (1.e., still stressed portion) of
the relaxed liner layer 34' 1s located beneath the fourth mask
36. The transition between the relaxed portion and the unre-
laxed portion 1s uninterrupted, 1.e. contiguous, and also con-
formal to the underlying gate and silicon substrate.

The dose of stress relaxing 1ons 37 1s typically provided at
an 1on 1implantation dose from about 1e14 to about 5e15 stress
relaxing 1ons per square centimeter and an 10n implantation
energy from about 5 to about 80 keV, to provide a stress
relaxing atom concentration within the relaxed liner 34' from
about Sel3 to about lel’/ stress relaxing atoms per cubic
centimeter. The foregoing dose and energy depend upon the
ion species. The most critical aspect 1n choice of dose and
energy 1s that the 1ons do not penetrate the stress film 1nto the
underlying semiconductor materials or silicon materials. Par-
ticularly desirable stress relaxing 1ons are silicon, germanium
and xenon 1mplanting 10ons, as well as other stress relaxing
ions that have a mass greater than about 28 amu, or more
particularly greater than about 70.

While this particular embodiment distinctly 1llustrates and
particularly contemplates that an 1on 1mplantation method
may be used for stress relaxation within a portion of the
stressed liner layer 34 that 1s illustrated in FIG. 10 when
forming the relaxed liner layer 34' that 1s 1llustrated in FIG.
11, neither the embodiment, nor the invention, 1s necessarily
intended to be so limited. Rather, the embodiment and the
invention contemplate that treatments other than an 1on
implantation treatments may be used for stress relaxation or
stress elimination within a portion of a stressed liner layer.
Such other treatment methods may include, but are not nec-
essarily limited to, radiation treatments, such as but not lim-
ited to ultraviolet radiation treatments or chemaical treatments
such as a partial etch or thinning of a layer.

FIG. 12A and FIG. 12B show a schematic cross-sectional
diagram and a schematic plan-view diagram of the semicon-
ductor structure of FIG. 11, including the gated diode struc-
ture, after having stripped therefrom the fourth mask 36. The
fourth mask 36 may be stripped using methods and materials
analogous, equivalent or 1dentical to the methods and mate-
rials used for stripping the third mask 26, the second mask 23
or the first mask 22.

FI1G. 12B illustrates 1n particular only the isolation region
16, the surface semiconductor layer 14" and the gate 20", 1n
order to clearly show the annular gated diode structure 1n
accordance with the particular embodiment and the mven-
tion.

FIG. 13A and FIG. 13B correspond generally with FIG.
12 A and FIG. 12B, but illustrate a dielectric passivation layer
38 covering the semiconductor structure including the gated
diode structure. Penetrating through the passivation layer 38
1s a plurality of vias 40.

The passivation layer 38 may comprise any of several
passivation materials. Included 1in particular are silicon oxide,
silicon nitride and silicon oxynitride passivation materials.
The passivation layer 38 may be formed using methods
including but not limited to chemical vapor deposition meth-
ods and physical vapor deposition methods. Typically, the
passivation layer 38 has a thickness from about 30 to about
300 nanometers.
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The vias 40 may comprise any of several conductor mate-
rials, including but not limited to metal, metal alloy, metal
silicide and metal nitride via materials. Such via matenals
may be formed using methods that are otherwise generally
conventional in the semiconductor fabrication art.

FIG. 12A and FI1G. 12B 1n particular 1llustrate a schematic
cross-sectional and schematic plan-view diagram of a gated
diode structure 1n accordance with a preferred embodiment of
the ivention. The gated diode structure includes a relaxed
liner 34' located and formed covering a gate 20' and adjacent
anode and cathode diode electrodes 24 and 28 within the
gated diode structure. The relaxed liner 34' derives from a
stressed liner 34 that 1s typically used within the context of a
field effect transistor that 1s fabricated simultaneously with
the gated diode structure. The relaxed liner 34' 1s formed from
the stressed liner 34 by virtue of a treatment, such as but not
limited to an 10n implantation treatment. The relaxed liner 34°
1s desirable 1n comparison with a stressed liner 34, particu-
larly when tensile stressed, insofar as the relaxed liner pro-
vides for improved gated diode 1deality while avoiding any
gated diode 1deality degradation that might otherwise result
from stripping the stressed liner 34 from the gated diode
structure while using a reactive 1on etch method.

The preferred embodiment 1s illustrative of the invention
rather than limiting of the invention. Revisions and modifi-
cations may be made to methods, materials, structures and
dimensions of a gated diode structure 1n accordance with the
preferred embodiment while still providing a gated diode 1n
accordance with the invention, and a method for fabricating a
gated diode structure.

What 1s claimed 1s:

1. A gated diode structure comprising:

a semiconductor substrate including at least two compara-
tively lightly doped regions of a first polarity, wherein
cach of the at least two comparatively lightly doped
regions 1s present between and laterally separating a
comparatively heavily doped region of the first polarity
from a comparatively heavily doped region of a second
polarity different than the first polarity, wherein said
cach of the at least two comparatively lightly doped
regions 1s 1n direct contact with said comparatively
heavily doped region of said first polarity and said com-
paratively heavily doped region of said second polarity,
wherein the comparatively heavily doped region of the
second polarity 1s present between the at least two com-
paratively lightly doped regions;

a gate located above each of the at least two comparatively
lightly doped regions of the first polarity; and

a relaxed liner located conformally covering the gate and
the semiconductor substrate.

2. The gated diode structure of claim 1 wherein the semi-
conductor substrate comprises a bulk semiconductor sub-
strate.

3. The gated diode structure of claim 1 wherein the semi-
conductor substrate comprises a semiconductor-on-insulator
substrate.

4. The gated diode structure of claim 1 wherein the first
polarity 1s an n polarity and the second polarity 1s a p polarity.

5. The gated diode structure of claim 1 wherein the first
polarity 1s a p polarity and the second polarity 1s an n polarity.

6. The gated diode structure of claim 1 wherein the gate 1s
included within a gate stack that includes a gate dielectric
interposed between the gate and the semiconductor substrate.

7. The diode structure of claim 1 wherein the relaxed liner
layer comprises a silicon nitride material.



US 8,232,603 B2

11

8. A gated diode structure comprising:

a semiconductor substrate including at least two compara-
tively lightly doped regions of a first polarity, wherein
cach of the at least two comparatively lightly doped
regions 1s present between and laterally separating a
comparatively heavily doped region of the first polarity
from a comparatively heavily doped region of a second
polarity different than the first polarity, wherein said
cach of the at least two comparatively lightly doped
regions 1s in direct contact with said comparatively
heavily doped region of said first polarity and said com-
paratively heavily doped region of said second polarity,
wherein the comparatively heavily doped region of the
second polarity 1s present between the at least two com-
paratively lightly doped regions;

a gate located above each of the at least two comparatively
lightly doped regions of the first polarity; and

a liner located conformally covering the gate and the semi-
conductor substrate, the liner including a silicon nitride
material that includes an impurity selected from the
group consisting of germamum impurities and xenon
impurities, the liner also including:

a relaxed portion covering at least in-part the gate; and
a stressed portion covering at least in part the semicon-
ductor substrate.

9. The gated diode structure of claim 8 wherein the relaxed
liner includes a germanium 1mpurity only.

10. The gated diode structure of claim 8 wherein the
relaxed liner includes a xenon impurity only.

11. The gated diode structure of claim 8 wherein the semi-
conductor substrate comprises a bulk semiconductor sub-
strate.

12. The gated diode structure of claim 8 wherein the semi-
conductor substrate comprises a semiconductor-on-insulator
substrate.

13. The gated diode structure of claim 8 wherein the gate 1s
included within a gate stack that includes a gate dielectric
interposed between the gate and the semiconductor substrate.
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14. A method for fabricating a gated diode structure com-
prising;:

forming over a semiconductor substrate at least two gate

structures;

forming within the semiconductor substrate at least two

comparatively lightly doped region of a first polarity
located beneath the at least two gate structures and lat-
crally separating a comparatively heavily doped region
of the first polarity from a comparatively heavily doped
region of a second polarity different than the first polar-
ity, wherein each of the at least two comparatively light
doped regions 1s 1n direct contact with said compara-
tively heavily doped region of said first polarity and said
comparatively heavily doped region of said second
polarity wherein the comparatively heavily doped
region of the second polarity present between the at least
two comparatively lightly doped regions;

forming a stressed liner conformally covering the gate and

the semiconductor substrate; and

treating the stressed liner to form a relaxed liner.

15. The method of claim 14 wherein forming the compara-
tively heavily doped region of the first polarity and the com-
paratively heavily doped region of the second polarity difier-
ent than the first polarity each use at least 1n part the gate as a
mask.

16. The method of claim 14 wherein the treating uses an 1on
implantation method.

17. The method of claim 14 wherein the treating uses an
ultraviolet 1llumination.

18. The method of claim 16 wherein the 1on 1mplantation
method uses a germanium stress relaxing ion.

19. The method of claim 16 wherein the 1on implantation
method uses a xenon stress relaxing 1on.

20. The method of claim 16 wherein the 10n implantation
method uses a stress relaxing 1on having a mass greater than
about 70 amu.
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